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INTRODUCTION 
The physical chemist uses the term 
"flocculation* to mean the clumping together of small 
solid particles suspended in a liquid to form larger 
aggregates which settle to the bottom of the container 
leaving the supernatant liquid clear. The soil 
scientist is particularly interested in the 
flocculation process as it concerns water suspensions 
of the finest soil particles commonly called clay 
suspensions, because the same surface forces concerned 
in the process probably operate under field conditions 
in connection with the formation of compound soil 
particles. All the investigations in the literature 
on the floooulation of clay suspensions are concerned 
with the effect of various strong eleotrolytes, which 
are highly ionized in water. The present investigation 
was undertaken in order to determine the effect of 
weakly ionized and non-ionized organic compounds on 
the flocculation of a day suspension. 
2. 
PURPOSE OF INVESTIGATION 
■ 
The purpose of the investigation was to 
determine the effect of a series of organio compounds 
on the flocculation of a clay suspension. Because of 
the general interest of the department in soils, only 
organio compounds vhioh come in contaot with the soil 
under field conditions were used, and the clay suspension 
was derived from a natural soil by ultracentrifugation 
and electrodialysis. No attempts were made, however, to 
transfer results obtained in the laboratory to conditions 
in the field. The organio compounds used were; ethyl 
alcohol, acetone, glycerol, urea, creatine, glycine, 
allantoin, hippurio acid, benzoic acid, succinic acid, 
dextrose, Indole, oxalic acid, oyanurio aoid and vanillin. 
The technique employed in determining the effect of these 
compounds on the flocculation of the clay suspension 
involved the determination of the flocculation values of 
two strong electrolytes, KC1 and CaOlg, before and after 
the addition of each separate compound in varying 
concentrations to the suspension. If more strong 
eleotrolye was required to flocculate the suspension 
after the addition of the compound than was required to 
3 
flocculate the suspension alone, the organic compound 
was said to have stabilized the suspension toward the 
strong electrolyte. If less strong eleotrolyte was 
required to flocoulate the suspension after the 
addition of the organio compound than was required to 
flocculate the suspension alone, the organio compound 
was said to have sensitized the compound toward the 
eleatrolyte. If there was no change in the amount of 
eleotrolye required, the organio compound was said to 
not have influenced the flocculation values of KOI and Ca 
OI2 toward the suspension. 
Another purpose of the investigation was to 
explain the results obtained on the basis of the general 
theory concerning the flocoulation of colloidal 
suspensions and the available information in the 
literature relating to the subject, together with 
whatever further experimental data which could be 
obtained as an aid in making the explanation. 
4. 
REVIEW OP LITERATURE 
Two excellent summaries of the literature 
concerning the flocculation of clay suspensions 
frequently used in preparing this review were those of 
E. W. Russell (11) and B. A. Keen (7). 
* ' *• * • » V «• 9 
The general theory concerning the stability of 
oolloldal suspensions which has been most widely accepted 
war first given form by Helmholtz (e) in 1879, and has 
since been modified by Ouoy (4)# Smoluchovski (13) and 
others* As presented by Kruyt (8) the theory in its 
modified form involves the assumption that one of the 
main factors on which the atablllty of colloidal 
suspensions depends is the existence of an eleotrokinetlo 
potential between the surface of each particle of the 
dispersed phase and the outside dispersion medium* If 
« 
the eleotrokinetlo potential is high, collision between 
particles of the dispersed ph^se always results in 
elastio repulsion, and the probability of adhesion; that 
is, the ratio between the number of particles which adhere 
on collision to the total number of collisions, is 0. 
If the eleotrokinetlo potential is reduced far enough by 
the addition of a strong eleotrolyte, however, some of 
the fastest moving particles adhere on collision to form 
5. 
larger aggregates, and the probability of adhesion is 
between 0 and 1. If the potential is reduced still 
further below the so-called critical value, all the 
particles tend to adhere on collision, and the 
probability of adhesion approaches 1. The amount of 
strong electrolyte necessary to reduce the electrokinetio 
potential to the critical value according to Kruyt (8) 
agrees well with the so-called floooulation value 
providing certain standard conditions are maintained 
throughout the experimentation. The flocculation value 
is defined as the minimum amount of strong electrolyte 
necessary to bring about rapid and complete flocculation. 
If the particles of the dispersed phase of a 
colloidal suspension in water are hydrated, the film of 
oriented water molecules according to Kruyt (8) 
constitutes a second factor promoting the stability of 
the suspension. The properties of a water suspension of 
a colloidal clay are intermediate between those of a true 
suspensold colloid and those of a true emulsold colloid. 
In a true suspensold colloid, such as a gold sol, the 
physical properties of the sol differ little from those 
of water. In a true emulsold colloid, such as gelatin, 
the physical properties of water are greatly modified by 
the presence of the dispersed colloid. The nature of the 
6. 
water euepensoid of olay led such Investigators as 
Vinterkorn and Baver (14) to attribute the properties 
to oriented water molecules of hydration surrounding both 
the surface of the colloid particle itself, and the 
exchangeable cations which form a diffuse layer surround¬ 
ing the particle. Mattson (10) found that the addition 
of a strong dehydrating agent, such as ethyl alcohol, to a 
olay suspension greatly decreased the stability of a 
suspension, a fact which he attributed to the removal of 
water of hydration from the vicinity of the clay particles 
by the ethyl alcohol. 
The nature of the exchangeable cations surround¬ 
ing the olay particles of a suspension has been found to 
influehoe the electrokinetlo potential of the olay 
partlolea and the stability of the suspension. Mattson 
(10), Baver (2), and Anderson (1), present evidence that 
olay particles saturated v/lth a divalent ion, such as 
Ga or Mg, have a much lower electrokinetlo potential, 
and their corresponding suspensions are less stable than 
those saturated with a monovalent ion, suoh as Na or K. 
The electrokinetlo potential of clay particles saturated 
with H ions was found by Mattson (10) and Baver (2) to be 
between that of olay partioles saturated with 0a ions, 
hereafter to be given the term Oa-olay, and that of clay 
7. 
particles saturated with Ha ions, hereafter to be given the 
term N®-olay. Jenney (6) found that the H ion wae more 
strongly absorbed by the olay particle than other cations. 
Addition of small amounts of neutral salts of K or Ca to 
H-olay tended not to bring about exchange of the H ions by 
the K or Ca ions# but rather tended merely to increase the 
» 
concentration of the oations in the vicinity of the olay 
particle, and thus to decrease the eleetroklnetio potential 
of the particle and the stability of the suspension. 
Since KOI and CaClg were used to determine flocculation 
values toward a H-olay suspension in the present 
investigation this discovery by Jenney is very important. 
Another factor influencing the stability of 
suspensions of H-olay is the pH of the dispersion medium. 
Bradfield (3) found that if the pH of a suspension of 
JWolay was raised by adding a strong base, such as KOH 
or Ca(0H)2, relatively more K or Ca ions was required to 
> 
flocculate the suspension at a higher pH than at a lower 
pH within the pH range of 4-8 used in the present 
investigation. Apparently almost quantitative replacement 
of the H ions by the X or Ca ions took place, and the 
replaced H ions united with the free OH ions to form water. 
The reaction in the case of KOH may be expressed 
diagramatloally as follows* 
(Clay) | 4- 2K0H 
8 
Since in the presence of OH ions most of the K ions merely 
exchange with the H ions*more K ions are required to lower 
the eleotrokinetio potential of the particles to the 
critical value at a higher pH than at a lower pH within 
the pH range of 4-8. Mattson (9) found that a slight 
decrease in the pH of a H-olay suspension lowered the amount 
of KC1 or 0a0l2 required to flooculate the suspension, or 
in other words decreased the stability of the suspension. 
Apparently addition.of H ions to a clay suspension 
already saturated with H ions merely crowds the H ions 
closer to the surface of the particle, theroby lowering 
the eleotrokinetio potential of the particle and the 
stability of the suspension. Mattson found, however, 
that if the pH was lowered much below the isoelectric point 
of the colloidal clay complex, whioh in the case of the 
olay he used was in the vioinity of 3.80, the clay particle 
tended to break down releasing Fe and A1 ions from the 
colloid partiole to the outside solution. The presence 
of a large amount of an anion, such as 01 ion, was found 
to greatly increase the breakdown of the olay partiole 
in highly acid solutions. 
Practically all the experimental investigation 
concerning the effect of organic compounds on the 
9# 
stability of suspensions has been done using true 
euepensoid colloids, such as arsenic eul}>hide hydrosol, 
which differ from suspensions of colloidal clay in not 
possessing water of hydration or exchangeable Iona in the 
vicinity of the particles of the dispersed phase# Because 
of these important differences theoretical ooncepts based 
on results obtained with euepensoid colloids applies only 
in a v< ry general sense to suspensions Of oolloidal clay# 
One attempt to apply such oonoepts to clay suspensions was 
made by E. w. Huasell (11) fThe addition of a non- 
electrolyte to a clay suspension may cause the following 
effectsI (1) It may alter the degree of hydration of the 
partiole,which sensitizes the suspension toward electrolytes; 
(2) It may be adsorbed on the surface of, or react 
chemically with the colloid particle giving rise to a 
system with different properties than the original ones; 
(3) It may influence the dielectric constant of the medium# 
’tost non-eleotrolytss lower the dielectric constant of 
water considerably# The lowering of the dielectric constant, 
however, amy have the following opposite effect: (a) If the 
mean thickness of the electric double layer and the mean 
number of ions in the vicinity of the particle remains the 
same, then a lowering of the dielectric constant increases 
the electroklnetic potential of the particle and the 
10. 
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stability of the suspension, (b) Lowering the 
■ * ■ • > ■ ■ 
dielectric constant, however, Increases the force of 
attraction between oppositely charged ions. Thus both 
/ 
the number of ions dissociated from the particle and the 
mean thickness of the double layer are diminished, both 
of these lowering the elect isokinetic potential of the 
particle and the stability of the suspension". 
■ 
METHOD OF PROCEDURE 
11. 
Description of the Clay Suspension 
The first step in the investigation was the 
preparation of a suitable clay suspension. Bradfield 
has devised a method whereby soil particles having a 
diameter of under . 2u, the upper size limit for colloidal 
particles as defined by the International Commission of 
Soil Scientists, could be separated from the larger 
particles. Because of the fact that suitable equipment 
was not available on the campus,a suspension already 
prepared was obtained from the University of Missouri 
where Bradfield had been working at the time he devised 
his separation process. The following is an extract from 
one of Bradfield^ articles (3) describing his method. 
"The colloidal clay used in the study was 
prepared from the heavy clay layer of the Putnam silt loam, 
the predominate soil type of the level plains of Mlsar-url. 
One part of the fresh subsoil was agitated in a barrel 
churn with five parts of water for three hours. The 
coarser particles were separated by the action of gravity 
in ten days. The supernatant liquid was siphoned off 
and passed through a Sharpies supercentrifuge making 
32,500 revolutions a minute. The centrifuging removed the 
12. 
great bulk of the non-colloidal matter. The suspension 
was then passed through the second time at the rate of 
250 oc. a minute. No particles could be observed in the 
oil immersion microscope. The suspension was distinctly 
acid, pH about 5.8, and contained practically no organic 
matter.- 
The suspension was then electrodialized in an 
endoemotlo cell until no bases oould be detected with 
phenopthalein indicator in the cathode chamber. 
The suspension as received from the University 
of Missouri contained 4 grams of dry colloidal material 
for every 100 oo. of suspension and since this suspension 
was too concentrated for flocculation studies it was 
diluted with distilled water to .8 grams of oolloldal 
material for 100 oo. of suspension. A label on the bottle 
stated that the suspension contained no particles with a 
diameter over .2 microns. The pH of the suspension was 4.20. 
Although all the particles of the suspension had 
a diameter of less than .2 microns, the majority of the 
partioles settled very slowly (about one inch a week) under 
the influence of gravity leaving a slightly turbid 
supernatant liquid. The majority of the particles, 
therefore, were mechanioally suspended in water,while the 
rest were actually dispersed throughout the liquid. Since the 
13. 
suspension was shaken up every time it liras used. It v/as 
homogenous during the aotual experimentation. 
Selection of the Organio Compounds 
The eeoond step in the investigation was the 
selection of the particular organic compounds to be used. 
Because of the fact that one of the objects of the 
investigation was to discover some of the general 
principles concerning the flocculation of soils, organic 
compounds which come in contact with the soil in its 
natural 3tate were used. Many such organic compounds 
have been Isolated directly from soil organic matter. 
Others have been isolated from manures,whioh are frequently 
mixed with the soil as fertilizers. Pur© organic compounds 
purchased from Eastman Kodak Company were used in the 
r 
experimentation,and each compound was treated in a separate 
experiment. For the present investigation solid 
compounds were chosen which were soluble in water to the 
extent of 1 millimole per liter. If a liquid was used, 
the solute was required to be completely miscible with 
the solvent. 
Schreiner and Shorey (10) have isolated many 
organic compounds from soil organic matter. It was found 
on examination of the list that many of the compounds were 
; ;V • , v V 3 v-** .i '•"£* • ' 
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either very Insoluble or immiscible with water and hence 
were not suitable for the present investigation. The 
remaining compounds were divided into groups based on 
similar molecular construction. Beoause of the fact that 
it was very probable that all compounds of similar 
molecular construction would influence the flocculation 
of the suspension in much the same manner, a typical 
compound from eaoh group was selected and used in the 
investigation. For example, there were many sugars in 
Schreiner and Shorey's list, pextrose was selected as 
typical of all the sugars. The following is a oomplete 
list of the compounds finally selected: vanillin, oxalic 
aoid, dextrose, oyanurio aoid, glyoerol, succinic add, and 
benzoic aoid. 
A list of organic compounds which have been 
isolated from urine or faeoes of animals can be found in 
any good textbook on physiological chemistry. No 
attempt was made to distinguish between the manures of 
different animals beoause it was found that the main 
difference was quantitative rnther than qualitative. The 
same selective process was followed as in the case of the 
compounds Isolated from soil organic matter. The 
following compounds were finally selected: urea, hippurio 
acid, glycine, creatine, acetone, indole, and allantoin. 
15 
Ethyl alcohol was also used because other 
investigators had found that it had a sensitizing affeot; 
which they attributed to its dehydrating action! Sinoe 
acetone and glycerol two of the compounds which were 
used in the investigation were also dehydrating agents, 
their action could be compared with that of ethyl alcohol. 
Preparation of Solutions of Electrolytes 
The third step in the investigation was the 
preparation and standardization of solutions of the 
electrolytes to be used. KOI and OaOlg were used in the 
present investigation. Preliminary rough determinations 
showed the floooulation value of KOI to be under 1 
millimole per liter, and that of CaClg under .3 millimoles 
per liter. Accordingly standard solutions containing 100 
millimoles per liter in the case of KOI and 10 Millimoles 
per liter In the case of CaClo wore prepared and 
standardized by adding AgNQ« to an aliquot and weighing the 
AgCl. A dilution of 1 part of the standard solution with 
9 parts of distilled water was generally used in the actual 
experimentation, though occasionally the standard solutions 
were used directly^when the flocculation values were high. 
16. 
Determination of the Flocculation Values of the Electrolytes 
For each determination of the flocculation value 
two sets of eight test tubes were used. Five oc. of the 
suspension was run into each tube of one set of eight tubes. 
Five oc. of gradually decreasing eonoentrations of one 
electrolyte was measured into eaoh tube of the other set 
of eight tubes. An example will serve to show how the 
dilutions were made. Four co. of a 1/10 dilution of the 
standard KC1 solution was added to one oc. of water in 
the first tube, three oc. of KC1 was added to two co. of 
water in the second tube, and sqfforth. The contents of one 
tube of electrolyte was then mixed with the contents of one 
tube of the suspension by holding one tube in each hand 
and pouring the contents rapidly back and forth from one 
tube to the other for a total of ten times and then 
pouring the mixture into a oentrifuge tube. The same 
procedure was followed for the other seven tubes of eaoh 
set. The tubes were allowed to stand for fifteen minutes 
and then were centrifuged in a moderate speed oentrifuge 
for exactly fifteen minutes. The tubes were then taken to 
a place where there was a strong light and read. 
It was found that on addition of the electrolyte alone 
to the suspension there was a concentration range in which the 
amount of colloid flocculated increased very rapidly with 
17* 
increasing amounts of electrolyte until praotically all 
of the colloid was flocculated* However, last traces of 
colloid in the supernatant liquid after centrifuging were 
found to persist in much higher concentrations than that 
in which the rapid oh&nge had taken place* For example; 
at 0*65 millimoles per liter in the oase of KOI the 
supernatant liquid was quite turbid after the centrifuging 
indicating some unfloooulated colloid, at 0*70 millimoles 
there was still a noticeable amount of turbidity, but at 
0*75 there was only a very faint turbidity* There was no 
distinguishable difference in the turbidity of the 0*80 
tube ox* the 0*85 tube because the turbidity decreased very 
slowly with increasing concentrations* Accordingly 
0*75 4 *05 millimoles per liter was taken as the flocculation 
value of KOI, OaOlg behaved in the eame manner and 0*25 4 
*01 millimoles per liter was taken as the flocculation 
value 2>r CaClp* Further justification for the method used 
for the determination of the flocculation value will be 
given in the next section* 
Petexnaination of the Flocculation Values of the 
KLectrolytes in the Presence of the Organic Compounds 
The determination of the flocculation values for 
the electrolytes alone Involves the mixing of three 
component liquids, the colloid suspension, the solution of 
eleotrolyte and water. In order to determine the effect 
of the organic compounds on the flocculation of the 
suspension another component liquid was added replacing 
some of the water. The liquid was made up of a 
saturated solution of the organic oompound under 
investigation in the case the oompound was a solid at 
room temperatures, or the pure liquid oompound in the 
case it was a liquid at room temper at tires. Since 5 oo. of the 
10 cc. used in each determination is taken up by the 
colloid suspension and about 1 oo. by the solution of the 
electrolyte, only about 4 oc. remained for the organic 
compound. Hence the maximum possible concentration of the 
organio oompound was .4 the concentration of the saturated 
solution in the case of a solid and .4 the concentration 
of the pure liquid in the oaee of a liquid oompound. The 
flocculation value was determined in the presence of the 
maximum possible concentration of the organic compound. 
Then the concentration of the organio oompound was 
reduoed in steps to 0 and the flocculation value determined 
at each step. 
Each time the floooulation value was determined 
in the presence of an organic oompound a oontrol tube 
was oarried along vhioh contained only the suspension and 
0.75 millimoles per liter in the oase of KOI, or 0.23 
19 
millimoles per liter in the case of CaClg. The 
flocculation value in the presence of the organic 
oompound was assumed to be that tube which had the same 
turbidity of the supernatant liquid, when compared side 
« 
by side in a strong light, as that of the control tube. 
Since the important determinations involve differences 
in floooulation values rather than absolute values,the 
procedure followed in which errors are equalized would 
seem to be Justified. 
Beoause of the fact that other investigators 
had found that a change in pH would influence the 
floooulation value of a neutral electrolyte, pH determina¬ 
tions were made after the addition of the organlo compounds 
to see if the oompound had changed the pH. The pH of the 
original suspension was 4.20. Dilution of the suspension 
within the limits used in the present investigation was 
found to bring about no ohange in the pH. Addition of the 
two electrolytes within the limits used in the present 
investigation also caused no ohange in the pH. Hence if 
any ohange in pH from 4.20 occurred,it must have been 
caused by the organic oompound added. The supernatant liquid 
of the tube ohosen each time as the floooulation value 
was poured into another tube5and the pH of the liquid was 
determined with the quinhydrone electrode. Any ohange in 
20. 
the pH from 4*20 was attributed to the particular organic 
compound in the solution* The results obtained were 
• - t t ‘ S t • 
recorded in tables, one for eaoh compound. The important 
variables in the tables are: 
1* Various concentrations of the organic compound* 
2* The resulting difference in the flocculation 
value caused by each concentration of org&nio 
compound from that of the electrolyte alone* 
* 
3* The resulting difference in the pH caused by 
each concentration from that of the electrolyte 
alone* 
The results obtained in the first set of experiments were 
verified by repetition. When duplicate results in the 
two trials were not obtained the values were re* 
determined until they checked* 
t 
PRESENTATION AND DISCUSSION OF DATA 
For the purpose of oonvenienoe the organic 
compounds were divided into groups on the basis of a 
similar effect on the flocculation of the suspension 
presumably caused by similar properties due to the 
configuration of the molecule. The evidenoe underlying 
the placing of eaoh compound in its group will be 
v * . 
discussed under the separate headings. The compounds 
were grouped as follows: 
Croup I. Dehydrating Agents 
Ethyl Aloohol 
Glycerol 
Acetone 
t s 
Croup II. Compounds which influenced the stability 
in the same direction as the pH 
A. Compounds which Increased the stability 
and the pH. 
Urea 
Clycine 
Creatine 
Allantoln 
22. 
B. Compounds which decreased the stability 
and the pH, 
Suooinic Add 
Hippurio Acid 
Cyanuric Add 
Benzoic Add 
Dextrose 
C. Compounds which did not influence the 
stability or the pH. 
Vanillin 
Indole 
Croup III. Compounds which caused a chemical change in 
the oollold particle. 
Oxalic Acid 
23. 
Group I. Dehydrating Agents 
The data obtained concerning the effect of 
ethyl alcohol, acetone, and glycerol, on the 
flocculation of the suspension appear in the Tables I, 
IX, and III, on pages 26, 27 and 2S. All the compounds 
acted alike in that they sensitized the suspension 
toward both KC1 and CaOlg in direct proportion to 
their concentration. When the term "sensitize" is 
used in the present investigation it will mean that the 
flocculation value of a specific strong electrolyte was 
less when the organic compound was present than when it 
was not present. In the same manner the term "stabilize" 
will mean that the flocculation value was greater in 
the presence of the organic compound than when it was 
absent. The compounds differed in the degree of 
t 
sensitization, a faot shown in Graph 1 on page 29. 
In the graph the negative difference in the flocculation 
value toward KOI brought about by the presence of the 
organic compound is plotted against the concentration of 
the organic compound. Because of the faot that the results 
for CaCl2 paralleled those of KOI only those results 
obtained with KOI were graphed in eaoh case. If the 
compounds were arranged in order of their sensitizing 
24 
strength the order would be: ethyl alcohol > acetone 
>glycerol. 
In the general theory of Kruyt given in the 
review of the literature the degree of hydration of the 
colloid partiole was given as an important stability 
factor in colloidal suspensions. Mattson (4) states 
that the osmotic hydration of the ions surrounding a clay 
partiole is one of the chief factors for the stability 
of a clay suspension. Ethyl alcohol, aoetone and 
glycerol are dehydrating agents, that is they can 
attract water molecules from the vicinity of the colloid 
partiole allowing the ions to move closer to the surface 
of the partiole, thus lowering the aleotrokinetio 
potential of the particle and decreasing the stability 
of the suspension. The attractive force probably is 
caused by the strongly polar-OH group in the case of the 
aloohols of ketone group in the case of acetone. The 
difference in sensitising strength was probably due to 
the different dehydrating power of the compounds, although 
other forces might enter into the reaction. For instance, 
the three compounds all lowered the pH of the suspension, 
although they did so in varying degrees. Under the next 
group it will be shown that a lowering of the pH of the 
25 
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suspension brings about a decrease in stability. 
However, there was no relationship between those 
compounds which lowered the pH the most and those that 
decreased the stability the most, as is the case of the 
compounds of the next group. In all oases the explana¬ 
tion given is not meant to be all inclusive,since there 
may be many variables present not taken into account, 
but rather that explanation is given,which seems the 
most logical in the light of present knowledge on the 
subject. 
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Group II. Compounds vhloh Influenced the Flocoulatlon 
value In the same direction as they Influenced the pH. 
A. Compounds which Increased the flocculation value and 
the pH. 
The results obtained with creatine, glycine, 
allantoln, and urea appear In the Tables on pages 33, 
34, 35 and 36. Prom these tables It can be seen that all 
the compounds stabilized the suspension in direct 
proportion to their concentrations. The relative stabilizing 
power was in the order creatine > glycine > allantoin > 
urea. Graph 2 on page 37, shows the relative stabilizing 
power toward KC1 of creatine and glycine over the same 
concentration range. The other two compounds did not 
effect the stability enough to appear on the same graph. 
In all cases these compounds increased the pH 
of the suspension. The relative rise of the pH was in the 
order creatine > glycine > allantoin > urea. The 
relative rise of the pH brought about by creatine and 
glycine over the same concentration range is shown in 
graph 3, on page 38. It can be seen that the more a 
compound raised the pH the more it raised the stability 
over the same concentration range. The parallel 
31 
relationship between the effect of each compound on the 
stability and on the pH for all the four compounds except 
allantoin (too small to graph) Is shown on the graphs 
4, 5, 6, on pages 39, 40, and 41. 
When the four compounds, creatine, glycine, 
allantoin, and urea ionize in acid solution they give off 
OH ions. The ionization constants of all the four 
compounds except allantoin (this constant could not be 
found in the Tables) are creatine Kg s 2 x 10*^ 
glycine KB c 2.8 x 10* , urea Kg s 1 x 10~x . It can 
be seen that creatine gives off the most OH ions, raises 
the pH the most, and raises the stability the most, 
glycine is next, presumably allantoin is next, while urea 
is last. 
In the review of the literature it was shown 
that if a strong base such as KOH were added to a H-clay 
suspension, relatively more H ion was neoeseary to 
flocculate the suspension at a higher pH than at a 
lower pH, over a pH range of 4-8. This result was 
explained on the assumption that in the presence of 
OH ions most of the H ions merely exchange with the 
K ions and more H ion is required to lower the 
electrofcinetic potential of the particles to the point 
32. 
where the suspension flocculates. In order for this 
exchange to take place OH ions must be present for the 
exchangeable H ions to unite to form water, for 
» 
addition of neutral salts of K alone was shown by 
Jenney (6) not to involve exchange of the H ions by 
the K ions. The presence of an organic compound 
• » i 
dissociating OH ions enables this exchange to take 
place and the final result is that more KC1 is required 
to floooulate the suspension, or in other words, the 
stability of the suspension has been raised. 
8ift 
S^l 
%i 4» 
° 8 
*H 
l!s 
«4 
"o g 
© 
§1|3 I *2 CSI 
<H o 0 Q 
a«i* 
8 
v« 
IS CM « ill 
o i 
° 3*8 8fl- 8 
":i« 
° -d 
lsl M 
! 
-.55 
al3 
o 
c 
o 4 
II 
IS 
i l 
SU 
la 
S S 
IS 
e *h 
«rt r-» 
r-f # 
*h U 
t * 
M 
•S S 
. u 
t 
m K> 
VO -Sf R 8 8 
8 8? o 
e 
K\ fj\ O 
vo In cm 
• • t t 
«=r .=* 
a v 
e • 
a a 
0) W 
3 . fll flj 
a 2 
*« 
a a & o 
I o to 
o 
s 
o 
£ 
9 
§ 
g g g d g 
• e • • # 
♦i ♦t -H ♦i *1 
CM 
CM S' o a 8 8 
• • 
? 8 O O 
d 
• 
d 
• 
d 
e 
d 
• .
01
 
♦t ♦i ♦1 ♦1 ♦i 
Jp & & m CM £ k? • 
O 
• 
o O' o o 
1C\ in in in in 
o 
• 
o 
• 
o 
• 
o 
• 
o 
• 
♦« ♦1 ♦1 ♦1 ♦1 
in 
o ta 
o 
CM a 8 a 8 a 
? 
• 
8 
V 
? 
w 
O o 
in 
o 
in 
o S' & S' # • « • • 
♦i ♦1 ♦1 n 
8 & £ A 
in 
r— a 
in 
r— at • 
H 
• 
H O 
w 
O o 
| 1 
001
 
o 
Th
e 
E
ff
ec
t 
o
f 
V
ar
yi
ng
 
C
on
ce
nt
ra
ti
on
s 
o
f 
U
re
a 
o
n
 
tb
s 
F
lo
cc
u
la
ti
o
n
 
V
al
ue
s 
o
f 
XC
1 
a
n
d 
Ca
Cl
o*
 
a
n
d 
th
e 
pH
 
o
f 
a
 
C
la
y 
Su
sp
en
si
on
 
t-3 
511 
fir 
§> 
«4 
15 a 
Si 
*3^1 
Pj* 
© o H fcS§9 
ac*° 
fl 
o 
Mi 
mIm 
o o ► 
o 
c 
g 
3 
g13 
fi 
I 
s 
•s 
5 
! H |H 
2 
V? 8 
8 P 
*4 
5 
I 
a 
4 
te. & IS o CM m H S' 8 8 
i 9 9 9 9 9 O ■ ,P \ © 
& & In 5 in K> in cu O CM o CM jt Jt a Jt J* 
« « m a (A m 
e 
5 s 3 
<0 M © M © N *g ■8 
•H *H .© (H r-J 
»Q ♦H •H rH <w <W 3 * £ £ S ** © 
4 4 00 4 s 4 O o «2 in ?n in CO }Zi S2I 
* 
in 
o 
in 
o 
in 
o o o 6 S 
♦1 ♦1 +1 ♦1 ♦1 ♦1 ♦1 
81 C\1 o eu vo & r*- <• H 8 8 
% 4 ■? 9 9 9 O O 
in 
: ' O in o o in o g g o g 
♦1 ♦I ♦1 ♦1 ■h ♦1 ♦1 •H 
in i o & in CM in •o in in 8 8 
»A o o O O O 
in in in $ in in in in o o o 
♦1 ♦1 ♦1 ♦1 '♦f n ♦1 
in 
cm 
in CM 10 in r*» § s 8 8 
cn 
H 
o rH 4 i 9 O O ♦ ♦ 
in in in in 
So*
 
in 
o 
in 
o S' 
•H ♦1 ♦t ♦1 ♦1 ♦1 
in in o o in in k\ o 9 
a , »A CM , H o o 
• 
in 
§ a CM 
m 
a 
& O CM VO o o 
34., 
33
ie
 
E
ff
ec
t 
o
f 
V
ar
yi
ng
 
C
on
ce
nt
ra
ti
on
s 
o
f 
(J
ly
ci
ne
 
o
n
 
th
e 
F
lo
cc
ul
at
io
n 
T
al
lie
s 
o
f 
KO
I 
a
n
d 
C
eC
lg
* 
a
n
d 
th
e 
pH
 
o
f 
a
 
C
la
y 
Su
sp
en
si
on
 
' ’ * \ V. 
Lt; 
8 
l 
2 I fH f 
m 2§ £3.-8 3 
* O O d> 
Vi 4* 
o 
*11 
Ip 
§> 
«H 
w 
° 3« o 
Sls-a 
§ • » 
I 
.. y 
VO So 
V H p c 
£ Vi P O 
0 
O 
*4 
,3*3 8 in o o »►
o 
^ 8^ • 
®1t!§ |if2 
Pls 
8 
«H 
Cl) n 
Sals O t»* 
K 
• 5 
ii 
0) 
*o 
5 
r-C 
5 
ia 
0 
*H 
I 
fH 
rH 
i 
h 
a 
s 
a 
0 
l 
rH 
1 
•I 
0 
M 
2 
0 
I 
U ■$ 81 
I 
f? «H 
*H rH 
rH 
rH Ii 
2 
O OJ 
0 
f. 
5 
VO 
? ? 
J* 
<U 
M 
I 
CO 
K\ iH 
? 
ON 
O 
9 
• • 
« 
© 
M 
•3 
w 
o 
M 
•S 
4> OT 
8 8 
o 
■s 
o 
© vo m cr\ Q o 
KS K> CVI OJ CM 
■8 -8 O 0 
fc is 
• o 
£ 
g 
• 
g 
• 
g ♦ g 0 .01
 
o 
. 
♦1 ♦i ♦1 ♦1 ♦i •N 
2 R A 
VO 
rH A 
CM 
rH 8 a 8 * 
9 
w 
9 
•
? ? 
0 
© 
0 
O 
g 
• .
01
 
g 
• 
g 
• 
g 
• 
g 
• 
H ♦i ♦1 ♦k 
K\ VO A 
CTv 
m 
• « a 
m CM CM a 0 
O o 
•0 
o o o 
0 
o 
in 
o 
• 
S' 
• 
in 
O 
• 
in 
o 
• 
So*
 
s 
• 
♦1 ♦1 ♦i ♦i ♦1 H 
in CM a £ A a a £ o 8 
* 
V 
? ? 9 o 
0 
o 
in 
o 
• 
& # S' * S • 
in 
© 
• 
in 
o 
. 
♦1 •H ♦1 ♦I ♦1 ♦1 
8 a £ 
in CM a 
in 
o 
in 
r~ $ 
CM 
0 
rH |H © o 
in O in in a o 
O CM CM •H 
in CM 
0 
O o 
T
he
 
E
ff
ec
t 
o
f 
V
ar
yi
ng
 
C
o
n
ce
n
tr
at
io
n
e 
o
f 
C
re
at
in
e 
o
n
 
th
e 
F
lo
cc
u
la
ti
o
n
 
V
al
ue
s 
o
f 
K
C1
 
a
n
d 
C
aC
lg
, 
a
n
d 
th
e 
pH
 
o
f 
a
 
C
la
y 
S
us
pe
ns
io
n 
m
 
m
i
 
36 
>, •* . ii ' V 
J Jt 7 'S 8 8 8 
• • • * 
o o 
» S3 8 8 
ft St & *cf 
8> 
«4 
N 
5 
• 
s 
«H 
t ® i 
s 3 ■8 
& I * m 
<?' 
8 
• 
g 
* 
g 
• 
g 
• 
♦1 ♦1 ♦I ♦i 
K\ O 
• 
8 
• 
8 
* 
9 9 O o 
6 
• 
8 
• 
8 
• 
8 
• 
♦1 ♦1 ♦1 ♦i 
n *? «? o O O o 
S' 
• $ • 5? 
♦i ♦I ♦1 ♦» 
i? 
€ 
8 8 
9 9 O O 
S' 
• 
5? 
• $ * 
♦i ♦l ♦i ♦i 
ft 8 £ A e a 
• O • o O w O 
*0 CM H © 
0-raph 2 
Relative e 
and glycin 
a clay sue 
ffect of v 
e on the f 
pension. 
nc arying co 
locculatio 
-20-+ 
entration 
n value of 
s of create 
KC1 toward 
Cone. mm. 
per liter 
0 + .4 ♦ .8 + 1.2 
Difference 
(mil 
in the fl 
limoles pe 
occulation 
liter) 
+ 1.6 
value (KCX ) 
. : 
38. 
os 4 -4-^ 
Graph 3 
T*- * Relative e 
creatine a 
suspension 
ffect of v 
nd glycine 
• 
arying conji 
on the pH 
sentration 
of a clay 
s of 
4+—j—|—(-■ 
20 
|h—[ f l 
15. 
- / 
/ 
l-f—j 4 l~ 
Cone. mm. 
per liter 
IQ 
P / 
sZ 
/ 
• 
/ 
4 
* - - ♦-4- 
PI »-■ * 
5 
t 
/ 
-V f 
w 
/ 
0 
b- * X—.. 
•#4 4-- f—4- ■ 
' 
§4-+—j -4 ■ 
§44 | -i 1 
) +.0 > * .10 
Differenc 
+ .1 
e in pH 
3 +.20 
U Id—1^-^..^-. 
N It 
B Erl— 
- <■ ■ •, • • {-4 
1 | 
. 
| i 1 i . 
39. 
•4 4-4 i • 
• 
Ora: >h 4 
4- - - • 
4 ■ 4-4 
■ 
• * 
lelationshp 
joncentrat: 
ral ue of K 
Lp between 
Lons of ure 
D1 and the 
the effect 
3a on the ] 
pH of a c] 
t of varyir 
flocculati: 
Lay suspem 
ig 
>n 
sion 
4- r “ 
-* 
• 
-- D + .2 
Differ 
+ 4 
snee in pH 
+ .6 + .8 
- 
W —* -f' f 
2500 I 
f 
LL i > - 
■X— H*— "4 -■ 
2000 0/ / 
* / 
K / 
J / 
o / 
r- 
- 
1500 
Done, urea 
nm. per 
Liter 
a # 
/ 
* 
' o / 
X1/ 
y 
o/ 
—- 
. ^ 
1000 4/ 
• 
t 
# 
500 / 
• 
Ki [ - 
D + 0.5 
Difference 
+ 1.0 
in the fl 
(millimol 
+1.5 
peculation 
36 per lit 
+ 2.0 
value (KG 
br) 
D 
jLy. .. i ■ 4- .J, 
ITT ^ , ♦* 
#4- f -4—4— 
®4 1—r 
I—h *—\ IT""r 4- 
• 
f- 
1 1 11!: i 1! 
Graph 5 
Relationship betwee 
concentrations of g 
i the effec 
.ycine on 
value of KC1 and thfe oH of a 
t of varying 
the flocculation 
clay suspehsion 
► r 
Differe ice in pH 
+ .2 + .4 + .6 
“5m 
+. 8 
;onc. 
glycine 
mm. per 
liter 
Y i 
Difference in the f 
(millimole 
occulation value 
s per liter) 
!1) 
41. 
G-rapl 6 
Relations]: 
concentrat 
value of i 
ip betweer 
ions of cr< 
Cl and the 
the effec 
eatine on 1 
pH of a c 
t of varyj 
he floe cull 
lay susper 
n g 
ation 
sion 
pj—t 
 < + . Of 
Dif f erei 
+.1C 
ice in pH 
+ .15 + . 2C 
20 
o*7 ;/ pf 
15 
Cone, 
creatine 
mm. per 
liter 
• 
, fjj */ , 
• 
10 yfi 
v>/ 
y 
V 
it/ 
t) 
• 
R—T ~T' 
5 
/ 
• 
/ 
Bfcli — r - 
0 +.4 
Difference 
♦ . 8 
in the fl 
(millimole 
+ 1.£ 
occulatior 
s per lite 
+ 1.€ 
value (KC 
r) 
1) 
— ■*■ 
-V- 
- 
48. 
B. Compounds vdiioh decreased the stability and the pH. 
The results obtained with succinic acid, 
hippurio acid* benzoic aoid, oyanurio acid* and dextrose 
appear in the Tables on pages 44, 45 , 46, 47, and 48. 
In all oases these compounds decreased the stability of 
the suspension. The relative sensitizing effect was in 
the order hippurio acid > benzoic > succinic > oyanurio 
> dextrose. The relative sensitizing effect of hippurio 
acid, benzoio, and succinic acid toward KC1 over the same 
concentration range are shown in graph 7 on page 49. 
The effect of oyanurio acid and dextrose was too small to 
get on the same graph. 
In all oases these compounds lowered the pH of 
the suspension. The relative lowering of the pH is in 
the order hippurio acid > benzoio > succinic > oyanurio 
2> dextrose. The relative lowering of the pH by 
hippurio acid, benzoio, and suooinio acid is shown in 
■ 
graph 8, on page 60. Thus it can be seen that the greater 
the lowering of the pH the greater was the sensitizing 
effect. The parallel relationship between the effect of 
succinic aoid on the stability and the pH of the 
suspension is shown on graph 9, on page 51. 
When the compounds hippurio acid, benzoio, 
suooinio, oyanurio, and dextrose ionize they give off 
H ions. The ionization constants are hippurio acid 
Ka - 2.2 x 10~4, benzoic acid KA s 6.5 x 10~5, 
suooinio acid JCA » 7 x 10~5, cyanurio acid KA : 1,8 x 10~7 
••13 ’ 
and dextrose KA s 3 x 10 . Thus it can be seen that 
hippurio acid gives off the most H ions, lovers the pH 
the most, and lowers the stability the most, benzoic acid 
is next, then succinic, then cyanurio, and last, dextrose. 
In the review of the literature it was shown 
that the effect of adding small amounts of an inorganic 
/ } • » <• j * * 
aoid to H-clay was to increase the H concentration in the 
vicinity of the particle and therefore lower the stability 
of the suspension. Apparently the same effect takes plaoe 
when H ions are released from an organic compound. 
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G. Compounds which do not influence the pH or the 
stability. 
Vanillin and indole had no effect on the 
stability of the suspension when added in the 
highest possible concentration. The pH change was 
• ♦ , ♦ * • 
0. The result obtained confirms the hypothesis that 
unless the oompound has a dehydrating action, or 
reacts chemically with the particle, it must influence 
the pH to Influence the stability of this particular 
4 
suspension. 
53. 
group III. Compounds which caused a chemical change In 
the colloid partlole 
Oxalic acid did not behave like the other 
compounds. Table XIII on page 55, shows the results 
obtained. With all the other compounds a change in pH 
in either direction meant a corresponding change in the 
stability in the same direction. Oxalic acid acted like 
the other acids in a high and a very low concentration. 
In moderate concentrations it actually stabilized the 
oompound while lowering the pH. See graph 10 on page 56. 
The pH curve is of the same general shape as that of the 
other organio acids. The stability curve, however, shows 
that the stability gradually rises from 0 to a maximum, 
where it takes about 30 times as much electrolyte to 
flocculate the suspension as if oxalic acid were not 
present. The curve then drops rapidly to 0. 
The reason oxalio aoid behaved the way it did 
is probably due to the fact that it lowered the pH of 
the suspension so far that the colloid particle was 
attacked giving rise to a system whioh is more stable 
than the original one. By testing qualitatively the 
supernatant liquid of those tubes showing a stabilizing 
effect Fe and A1 ions was found. Presumably the aoid 
54 
. < 
attacked the particle dissolving out Fe and A1 ions 
giving rise to a system which is more stable than the 
original system. It probably is true of all acids 
including inorganic ones that if the pH of H-clay is 
lowered too far the particle breaks down. The oxalate 
ion being a strongly charged anion undoubtedly aided this 
reaction. 
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67. 
CONCLUSIONS 
The results obtained In the present 
investigation together with those obtained by other 
investigators seem to Justify the following conclusions: 
The addition of an organic compound to a 
suspension of H-clay may bring about either or both of 
two changes in the suspension which will influence the 
flocculation value of a strong electrolyte such as KC1 and 
CaClg* The two changes are (1) a reduction in the degree 
of hydration of the day particle; (2) a change in the pH 
of the suspension. In the present investigation, 
compounds which brought about neither of these changes 
had no effect on the flocculation values of KC1 or CaClg. 
If a dehydrating agent is added to a suspension 
of H»clay the oriented molecules of water of hydration 
surrounding the day particle, one of the main faotors on 
which the stability of the suspension depends, are removed 
by the strong polar attraction of one of the groups in the 
molecule of the dehydrating agent. In the present 
investigation it was found that the addition of a 
dehydrating agent greatly reduced the flocculation value of 
KOI and OaClg. 
If the organic compound brings about a change in 
58, 
the pH of the suspension of H-clay by dissociating 
either OH or H ions, there is a corresponding change in 
the flooculation values of a strong electrolyte such as 
KOI and CaOlg. If the organic compound dissociates to 
form OH ions in water, some of the H ions surrounding the 
particle are removed to form H20. As a result some of the 
oations of the strong electrolyte used to determine the 
floooulating value must first make up this deficiency 
before the remainder oan reduce the eleotrokinetio potential 
of the particle to the point where the suspension 
flocculates. In the present investigation addition of an 
organic compound which dissociated OH ions increased the 
flocculation values of KOI and OaOlg. If the organic 
compound dissociates slightly to form H ions in water, 
these H ions increase the concentration of oations in the 
vicinity of the clay partiole, and hence fewer oations 
of the strong electrolyte used to determine the 
flocculation value are required to reduce the eleotrokinetio 
potential of the particles to the point where the suspension 
flocculates. In the present investigation addition of an 
organic compound which dissociated H ions lowered the 
flocculation values of KC1 and CaClg. 
If the organic oompound dissociates considerably 
to form H ions in water lowering the pH of the H-olay 
59. 
suspension below the isoelectric point of the colloidal 
clay complex, the clay particlee tends to break down 
releasing Fe and A1 ions from the clay particle to the 
outside solution. In the present investigation 
addition of oxalic acid which lowered the pH 
considerably tended to break down the clay particle. 
More KOI and CaCl2 was required to flocculate the 
resulting suspension than was required for the 
original suspension. 
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SUMMARY 
Flocoulation values of KOI and CaClg toward 
a suspension of H-olay were determined before and after 
the addition of & series of organio compounds consisting 
of acetone, glyoerol, ethyl alcohol, urea, creatine, 
glycine, allantoin, hippurio acid, oxalic acid, benzoic 
acid, succinic aoid, oyanurio acid, dextrose, indole, and 
vanillin. The following results were obtained: 
1. Ethyl alcohol, acetone, and glycerol, which are 
dehydrating agents, lowered the amount of KC1 and 
OaOlg required to floooulate the suspension in the 
order: ethyl aloohol > acetone >glycerol. , 
2. Urea, oreatine, glycine, and allantoin, which ionize 
in water to give OH ions. Increased the amount of 
KC1 and CaClg required to flocculate the suspension 
in the order: creatine >• glycine > urea >allantoin. 
3. Hippurio aoid, benzoic acid, succinic acid, cyanuric 
aoid, and dextrose, which ionize in water to give 
H ions, decreased the amount of KC1 and C&Clg required 
to flocculete the suspension in the order: hippurio 
aoid ^ benzoio aoid succinic acid cyanuric 
aoid > dextrose• 
61 
4. Oxalic acid, whioh lowered the pH of the suspension 
almost three pH units, reacted chemically with the 
• •» * 
clay particle dissolving out Fe and A1 ions leaving a 
system, which took more KOI and CaClp to flocculate 
than the original suspension. 
* >, 
6. Vanillin and indole, which are not dehydrating agents 
and do not ionize in water, did not change the amount 
of KC1 and CaClg required to flocculate the 
suspension. 
v 
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